In order to recycle iron tailings and fibers and analyze the performance of pavement cement concrete mixed with it, tests and numerical simulations are carried out. The compressive strength of concrete is significantly influenced by the content of Anshan iron tailings, and the highest 28-day compressive strength is 49.60 MPa with 25% iron tailings in sand. The flexural strength of concrete with iron tailings meets the specifications for pavement with 25-30% iron tailings in sand. Iron tailings with a particle diameter in the range of 0.15-0.3 mm are more advantageous. In general, basalt fiber play a greater role than polypropylene fiber in the flexural strength of concrete in this paper.Numerical simulations accurately reflect the performance trends of the tests.
Introduction
Currently, there is a large amount of mining waste from mines, such as iron tailings. The maintenance costs and potential hazards of iron tailings are great because the amount of tailings is gradually increasing. Therefore, studies on the recovery and reuse of iron tailings have been carried out in a variety of industries [1, 2] . The supply of natural sand, which is one of the components of pavement cement concrete, is insufficient. Moreover, the demand for cement concrete has greatly increased; thus, a substitute for this fine aggregate is needed. With a relatively stable composition and a suitable fineness index, also with fibers, iron tailings are suitable instead of natural sand in pavement cement concrete [3] . Therefore, tests of the compressive strength and flexural strength are carried out in this study to analyze the performance of pavement cement concrete mixed with iron tailings and fibers. In addition, numerical simulations are also performed. In order to analyze the influence on pavement cement concrete mixed with iron tailings and fibers, the mixing proportion and particle size of iron tailings are considered.
Study of The mixing ratio

Raw materials
The iron tailings in these tests are obtained from the Anshan area, which is a mineral-rich region. The physical and chemical compositions are listed in Table 1 . Other materials are cement (32.5 MPa), water, gravels ranging from 5-20 mm in size, and a portion of natural sand. Test procedure [4, 5] The standard test procedures define the initial, reference, designed, and construction mixing ratios. Various aggregates and iron tailings are screened on a standard sieve with screening intervals of 0.15-0.3 mm and 0.3-0.6 mm. Mixtures consisting of cement, water, sand, iron tailings, and gravels are stirred with a concrete mixer for 15 s and then formed into cubes with dimensions of 10 × 10 × 10 cm 3 . Three specimens are fabricated for each mixing ratio. The curing durations are 3, 7, 18, and 28 days. Tests of the compressive strength and flexural strength are performed to analyze the influence of the iron tailings and fibers on the performance of pavement cement concrete.
１. The cement concrete is a heterogeneous material Table 2 .The mix ratio of standard test pieces composed of hardened cement, aggregates, pores, admixture, and so on. The designed mixing ratio must be strictly in accordance with published specifications [4, 5, 6] . Blending ratios of the iron tailings of 10%, 20%, 25%, 35%, 50%, and 60% are used instead of sand. Other blending compounds include cement, water, sand, and additives. ２. The effects of different particle sizes of iron tailings on pavement cement concrete are different. Thus, two particle-size ranges of 0.15-0.3 mm and 0.3-0.6 mm are tested. Data related to the control parameters of the mixing ratio are listed in Tables 2-4 . ３.In order to enhancing the bending capacity of cement concrete with iron tailings, the fiber is added. There are two kinds of fibers, the one is basalt fiber, and another one is polypropylene fiber. 
Slump detection
In order to assess the workability, slump detection must be carried out. A small amount of slurry is deposited from a slump cylinder when it is lifted. There are three specimens with the same mixing ratio; thus, the test data for each specimen are the average values of the three specimens. From Figure 1 , it is found that the slump value is basically very stable as the content of iron tailings changes. There is no significant effect on pavement cement concrete with iron tailings. 
Mechanical test analysis of pavement cement concrete with iron tailings and fibers
For pavement cement concrete, the most important performance factors are the compressive and flexural strengths [8, 9] . In order to study the influence of different contents and particle sizes of iron tailings and fibers on the mechanical properties of concrete, mass ratios of iron tailings of 10%, 20%, 25%, 35%, 50%, and 60%-denoted with A, B, C, D, E, and F, respectively-in the particle-size range of 0.15-0.3 mm are used instead of sand. Similarly, mass ratios of iron tailings of 10%, 20%, 25%, 35%, 50% and 60%-denoted with A', B', C', D', E', and F' in the particle-size range of 0.3-0.6 mm Compressive Strength Test [10, 11] The concrete specimens are submerged in fresh water for 3, 7, 18, and 28 days. Then, compressive strength tests are carried out. 1. Compressive strength test of specimens with fibers and the tailings particle size range from 0.15-0.3mm
It is found that the content of iron tailings significantly influences the compressive strength of pavement cement concrete. As shown in Figure 3 , throughout the maintenance process, the compressive strength always increases. It is clear that the increase in the compressive strength of pavement cement concrete with iron tailings is faster in the later stages than that in the early stages.
(1) Compared with the standard specimen, the 28-day compressive strength of a specimen with iron tailings and fibers is higher. The growth rate is about 7%. A possible reason for this may be that the active chemical composition of the iron tailings has fully reacted with the cement.
(2) In Figure 3 , it is shown that the compressive strength first increases and then decreases as the content of iron tailings increases with a parabola-like dependence. The peak value is 49.6 MPa for the concrete specimen with 25% iron tailings. When content of iron tailings continues to increase, the content of sand decreases, and the mixture gradation becomes poor. The particle-size distribution of the mixture is too small; thus, the compressive strength of the specimen is low. The aggregate seriously affected the compressive strength of concrete. Therefore, there is an optimal value for the In Figure 3 , a phenomenon is shown, the compressive strenght histogram first increased and then decreased with the increase of the content of iron tailings. It looks like a parabola. The peak value is 49.6Mpa in concrete specimen with 25% iron tailings.
Compressive strength test of specimens with fibers and the tailings particle size range from 0.3-0.6mm
Compared with the standard specimen, most of the 28-day compressive strengths of specimens with fibers and iron tailings with particles sizes in the range of 0.3-0.6 mm are higher. A possible reason for this may be that the active chemical composition of the iron tailings has fully reacted with the cement. The compressive strength curves for A', B', C', D', E', and F' almost all gradually increase and reach a peak compressive strength at 28 days. The highest compressive strength is obtained when the content of iron tailings is 25% in sand, and it is higher than that of normal concrete. As the content of iron tailings increases, the compressive strength decreases. Although the strength of the iron tailings is lower than that of gravels, the active chemical composition of the iron tailings can fully react with the cement. Overall, the mixture with iron tailings has an advantage in compression.
Compressive strength test of specimens with the same particle size and different content of iron tailings
Compared with concrete with iron tailings having a particle size in the range of 0.15-0.3 mm, the compressive strength of concrete with the iron tailings having a particle size in the range of 0.3-0.6 mm is lower in general. It is concluded that large particles of iron tailings can absorb a larger amount of water during the test. Therefore, the compressive strength is adversely affected.
Flexural Strength Test
Iron tailings and fibers may have a significant influence on the flexural strength of pavement cement concrete. Thus, flexural strength tests were carried out to assess the extent of this influence.
Flexural strength test of specimens with iron tailings
In this part a series of tests were done to explore the variation of flexural strength on pavement concrete with two kinds of fibers and with iron tailings. As shown in Fingure 5, iron tailings are influenced flexural strength slightly. The trend in the flexural strength of specimens with iron tailings having a particle size in the range of 0.3-0.6 mm is similar to that of specimens with iron tailings having a particle size in the range of 0.15-0.3 mm. This may be due to two main reasons. First, the strength of the iron tailings is lower than that of sand. Second, the connections between particles of iron tailings and sand are weaker than that between sand particles because of the roughness of the particle surface. However, the flexural performance of pavement cement concrete with iron tailings is not significantly lower.
Flexural strength test of specimens with fibers
The fiber can effectively enhance the flexural and crack resistance of concrete, and compesate for the addition of iron tailings to the concrete bending capacity of the lack of capacity. [12, 13] So Fingure 6 shows the change for cement concrete with fibers and with iron tailings. Comparison of basalt fibers and polypropylene fibers can be found that basalt fiber was shorter than polypropylene fiber and had metallic luster. Flexural strength of concrete with iron tailings and with basalt fibers is higer than the flexural strength of concrete with iron tailings and with polypropylene fibers.This rule is applicable to concrete with different iron tailings and different sizes. 
Numerical simulation of pavement cement concrete with iron tailings and fibers
The material composition of pavement cement concrete can largely affect its force characteristics. In particular, when sand is partially substituted with iron tailings, the stress analysis is different. In order to study an actual pavement situation with wheel loads, a numerical simulation analysis is carried out using ANSYS to simulate the force situation.
Modeling
(1)Modeling principles In order to reflect the situation in which pavement cement concrete is subjected to wheel loads accurately, the modeling is based on the following assumptions.
a) The density of the pavement is uniform. b) The wheel load is symmetrical. c) SI units are used.
(2) Simplification of the model In the simulation, a SOLID45 element is used to define a three-dimensional model of the pavement cement concrete. There are eight nodes in one element and three degrees of freedom (DOFs) marked X, Y, and Z. The planar size of the concrete model is 7 × 7 mm 2 , and the depth of the soil foundation is 7 m.
Parameter definition
(1)Material definition *SOIL_CONCRETE in ANSYS is used to depict the inherent characteristics of the pavement cement concrete. From top to bottom, the materials in the pavement structure in this simulation are cement concrete with iron tailings and fibers, cement-stabilized macadam, graded gravel, and the soil foundation. All levels of the road are the same, except for the surface layer in different models.
(2)Control and boundary definitions
It is necessary to enforce some restrictions on the pavement cement concrete model. The wheel load can affect the pavement and subgrade but not the soil foundation which has a depth of 7 m. Thus, the bottom of the model is fully constrained. The other boundaries of the pavement cement concrete model are constrained by normal displacement. Further, the wheel load is located at the center of the pavement cement concrete model, which is simplified as two circular uniform loads. The distance between the centers of the two wheels is 31.95 cm. The radius of the circular uniform load is 10.65 cm. Considering the actual working conditions and simulation method, each wheel load is 0.7 MPa.
Results and analysis
From the simulation results, the displacement in the Table 5 . Simulation results of deflection values for all test plans z direction can represent the deflection of the pavement cement concrete. The elements located at the middle of the wheel loads are considered, and the deflection values for all test plans are listed in Table 5 . It is found that as the content and particle size of the iron tailings changes and fiber type changes, the deflection does not significantly change. However, the deflection value of cement concrete with iron tailings and basalt fibers is lower. The content of iron tailings and the kind of fibers are adjusted to achieve an appropriate content range so that the deflection decreases. This content range of iron tailings in the fine aggregate should be 20%-35% in sand. In addition, the particle size of the iron tailings does not have a significant effect on the deflection from the simulation results.
The simulation results are in good agreement with the physical test results. The compressive resistance of pavement cement concrete with iron tailings significantly affects the actual deflection of pavement. Thus, the simulation results for test scheme C had the minimum deflection.
Conclusions
By testing and simulating pavement cement concrete with iron tailings and fibers, the impact of the content and particle size of iron tailings and fiber type on the compressive strength, flexural strength, and deflection was investigated. The major conclusions are as follows:
(1)It is obvious that the basic mechanical properties of pavement cement concrete are impacted by iron tailings and fibers according to both physical experiments and numerical simulation.
(2)From an analysis of the compressive strength and flexural performance of pavement cement concrete, there is an optimal content of iron tailings of 25%.
(3)The particle size of iron tailings does have a significant influence on the performance of pavement cement concrete. Through research and analysis, iron tailings with particle sizes in the range of 0.15-0.3 mm have better chemical reaction results for pavement cement concrete.
(4) The fiber has played a positive role in improving the bending and cracking resistance of concrete. Basalt fiber can effectively enhance the concrete flexure strength than polypropylene fiber, due to strength and morphology.
(5)The chemical composition of iron tailings in different areas will affect the properties of pavement cement concrete. However, the best content and particle size of iron tailings can be found to replace normal concrete in order to reduce the amount of sand and improve the properties of pavement cement concrete. 
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